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 Abstract:  The aim of this study was to establish the validity of a video analysis software package 
in measuring mean propulsive velocity (MPV) and the  maximal velocity during bench press. 
Twenty-one healthy males (21 ± 1 year) with weight training experience were recruited and the 
MPV and the maximal velocity of the concentric phas e (Vmax) were compared to a linear 
position transducer system during a standard bench press exercise. Participants performed a 
one repetition maximum (1RM) test using the supine bench press exercise. The testing 
procedures involved the simultaneous assessment of bench press propulsive velocity using two 
kinematic (linear position transducer and semi-auto mated tracking software) systems. High 
Pearson´ correlation coefficients for MPV and Vmax between both devices (r = .473 to .993) 
were observed. The intraclass correlation coefficients (ICCs) for barbell velocity data and the 
kinematic data obtained from video analysis were hi gh (>0.79). In addition, the low coefficients 
of variation indicate that measurements had low var iability. Finally, Bland-Altman plots with the 
limits of agreement of the MPV and Vmax with differ ent loads showed a negative trend which 
indicated that the video analysis had higher values than the linear transducer. In conclusion, this 
study has demonstrated that the software employed f or the video analysis was an easy to use 
and cost-effective tool with a very high degree of concurrent validity. This software can be used 
to evaluate changes in velocity of training load in resistance training which may be important for 
the prescription and monitoring of training program mes. 
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INTRODUCTION 
The control of the training load during resistance training is one of the main concerns for 
increasing the athletes’ performance (9) and both coaches and athletes modify the type of 
exercise, volume and intensity to get the better results. Exercise intensity is generally 
recognized to be the most important stimulus associated to changes in strength levels (7). The 
most commonly used method for assessing the strength training intensity is the percentage of 
the one repetition maximum (1RM), considered to be the most accurate method to determine 
maximal dynamic strength. Other approaches to determine exercise intensity include the 
performance of a given maximal number of repetitions in each set (XRM) or identifying a 
relative load using repetitions performed to fatigue. However, there are some inherent 
complications associated with these methods, the 1RM assessment may be very time-
consuming, it may be associated with injury when performed incorrectly or by novice subjects 
and is impractical for large groups (9). These limitations encourage the development of new 
methods to objectively monitor training load during resistance exercise. Many different 
protocols and devices have been used to assess muscle performance, including the use of 
isokinetic dynamometry, linear position transducers, accelerometers or force platforms, 
however, the cost of such equipment, its size, and experimental requirements limit its 
application to lab-based assessments (5). 
Due to the aforementioned limitations there is a need for easy-to-use testing instruments to 
capture and evaluate athletes´ performance at the training site, with real-time feedback to 
coaches and athletes (16). The analyses of kinematic variables are becoming increasingly 
accepted for estimating the force and power outputs with exercise (4). Movement velocity is 
increasingly being used to monitor exercise intensity because movement velocity has a direct 
relationship with the amount of force exerted (13,15). Movement velocity can also be used as 
a good estimate of a relative load (% 1RM), and is additionally a precise indicator of the 
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neuromuscular fatigue induced by resistance training (9). However, there has been relatively 
little discussion in the literature on movement velocity (8). To our knowledge only one 
previous study has noted that high-speed cameras can be a useful system to provide a real-
time velocity tracking (17). Sato et al. (17) in testing a snatch lift found a high correlation 
between high speed camera and a wireless accelerometer, which has previously been reported 
to be a valid device for calculating force, velocity and power (1,10). 
There is a need for strength and conditioning professionals to visualize workout performances 
and to track training progress (2), therefore the development of portable, cost-effective 
equipment that allows kinematic information to be visualized would have obvious advantages 
in a field-testing situation (5). Any such equipment, however, needs to be valid and reliable. 
Therefore, in this study we tested the validity of freely available software (Kinovea, version 
0.8.15.) that allows semi-automated tracking of objects, specifically we used this software to 
measure mean velocity in the bench press exercise. Thus, the aim of the current study was to 
conduct a concurrent validity analysis of the Kinovea software package in measuring mean 
propulsive velocity (MPV) and the maximal velocity of the concentric phase (Vmax) as 
compared to a linear position transducer system during bench press in weight-trained males.  
METHODS 
Experimental Approach to the Problem 
The intra-session validity of a linear position transducer system and a digitizing software 
program was calculated when analyzing speed–time variables. Twenty-one subjects performed 
1RM testing using the supine bench press exercise. Data were collected simultaneously with a 
linear position transducer and a digital video camera, MPV and Vmax were determined for 
each repetition of the bench press. The validity of a freely available digitizing software 
program in measuring the bench press performance was determined by comparing the MPV 
measurements with data obtained simultaneously with a linear position transducer. 
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Subjects 
Twenty-one healthy males with a mean (± SD) age, height and body mass of 21 ± 1 year, 176.1 
± 4.1 cm and 72.3 ± 7.0 kg, respectively were recruited. The criteria for study inclusion were a 
weight training background for a minimum of three years, display a proper technique in bench 
press and no injuries or conditions that would prevent individuals from safely undertaking the 
testing procedures. The participants were notified about the potential risks involved and 
provided their written informed consent. Procedures were approved by the institutional 
Human Research Ethics Committee. 
Procedures 
Participants lay supine on a flat bench, with their feet resting on the bench, and hands placed 
on the barbell slightly wider than shoulder width. Positions on the bench and grip widths were 
measured so that they could be individually reproduced on every lift. Participants performed a 
standardized warm-up consisting of 5 min of pedaling on a cycle ergometer (Kettler Axiom P2, 
GmbH & Co.KG, Ense-Parsit, Germany) at a load of 50 W, and upper-body joint mobilization 
exercises. The warm up was followed by one set of 5 repetitions of bench press with a fixed 
load of 20 kg. Participants were given instructions on proper lifting techniques and assessment 
procedures, and were also familiarized with the testing protocols and allowed to practice the 
tests to eliminate any neurological learning effects. In addition, each subject was carefully 
instructed to always perform each bench press in an explosive manner, exploding the bar off 
the chest as fast as possible. A Smith machine (Multipower, Technogym, Spain) was used for all 
tests. 
The testing procedures involved the simultaneous assessment of bench press propulsive 
velocity using two kinematic (linear position transducer and a semi-automated tracking 
software) systems. 
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One Repetition Maximum Testing 
A 1RM using the supine bench press exercise was used to assess upper-body strength in each 
participant. Initial load was set at 20 kg for all subjects, and was progressively increased in 10 
kg increments until the attained MPV was lower than 0.5 m·s
−1
 . Thereafter, load was adjusted 
with smaller increments (2.5 – 5 kg). This procedure continued until the participant was not 
able to complete a single repetition through the full range of motion following the procedures 
reported elsewhere (15). Rest periods of 2 minutes were allowed between trials. Only the best 
repetition at each load, according to the criteria of fastest MPV, was considered for analysis. 
Data Collection and Analysis 
All testing was performed with the right side of the barbell attached to one linear position 
transducer (T-Force, T-Force System Ergotech, Murcia, Spain). This system consists of a cable-
extension linear velocity transducer interfaced to a personal computer by means of a 14-bit 
resolution analog-to-digital data acquisition board. Vertical instantaneous velocity was 
sampled at a frequency of 1000 Hz. Simultaneously; a digital video camera (sampling 
frequency of 50Hz) was placed at 1 m height at a distance of 2 m from the Smith machine and 
aligned perpendicularly to the sagittal plane. The digital images were imported into a freely 
available digitizing software program (Kinovea 0.8.15, www.kinovea.org). Based on a semi-
automatic tracking function, the software allows the calculation of the relevant kinematic 
parameters of every repetition, providing real time information on screen. In the current 
study, after the camera set-up was completed, a clear vertical and horizontal reference in the 
plane of motion was recorded. To minimize the error in the scaling process, the dimensions of 
the Smith machine were recorded (meters high x guide bar meters long). 
Instantaneous bar velocity was calculated for each time interval as bar displacement over 
change in time. MPV and Vmax for each movement were obtained for the concentric portion 
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of the movement. From T-Force and video data, velocity-time curves were created and Peak 
values were then obtained for comparison. 
Statistical analyses 
Two-dimensional coordinates resulting from the digitizing process (raw data) were then scaled 
and smoothed using a Butterworth low pass filter with cutoff 6 - 12 Hz before velocities were 
calculated. Paired t-test comparisons were used to compare T-Force and Kinovea results. A 
regression analysis was performed for testing the linear relationship between the software 
semi-automated tracking function and the linear transducer mean velocity and mean 
propulsive velocity values. The goodness of fit and the slope with the 95% of confidence 
interval were then calculated. Finally, to test the agreement between both devices, Bland-
Altman plots were employed. Statistical significance was assumed at p < 0.05. All analyses 
were performed using SPSS v.18 (SPSS Inc., Chicago, IL). 
RESULTS 
Descriptive statistics for the participants are shown in Table 1. Participants had a BMI of 23.3 ± 
2.5 kg/m
2
 and displayed a Maximal Propulsive Power (PMP) in the concentric phase of 255.1 ± 
74.9 watts. 
The analysis of the MPV and Vmax with the linear transducer and the video analysis software 
for all the different loads are reported in Table 2. The linear relationships of each test with 
both devices are presented in Table 3, along with the slope (95% confidence interval –CI-), the 
95% CIs for the limits of agreement from the Bland-Altman analyses and the y-intercept values. 
The relationship for barbell velocity data and the kinematic data obtained from video analysis 
were high (>0.84) for MPV with the exception of 20 kg (r
2
 = 0.45) and ranged from 0.41 (20 Kg) 
to 0.98 (80 Kg) for Vmax. In addition, regression plots with the standard regression line of best 
fit for MPV and Vmax are presented in Figures 1 and 2 respectively.  
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Figure 3 shows Bland-Altman plots with the limits of agreement of the MPV with different 
loads. The bias representing the average difference for measures between both devices was 
negative which indicate that the video analysis had higher values than the linear transducer. 
The same trend can be observed for Vmax (Figure 4). 
DISCUSSION 
This study was designed to validate measures obtained by kinematic data derived from video 
analysis in comparison with a linear transducer. The primary finding was that the analysis from 
the Kinovea software demonstrated high concurrent validity when compared to the 
laboratory-based instrumentation. 
Monitoring the bar velocity during resistance exercise (bench press) is essential since the 
training effect depends on the velocity at which loads are lifted (8). In the current study, the 
high correlation coefficients obtained for MPV and Vmax indicate that the data obtained with 
both methods show a high level of association. The close relationship observed between the 
MPV in both methods indicate that the video analysis may also allow us to accurately 
determine the real intensity of effort during exercise (9). Similar values to the current study 
were reported by Comstock et al. (2) when validating an accelerometer during bench press. It 
is important to note that lower correlation coefficients were obtained with 20 Kg (r = .676 and 
r = .473) and 30 Kg (r = .921 and r = .594) for MPV and Vmax respectively, but correlation were 
better with the heavier loads tested, which is consistent with the results observed by Crewther 
et al. (4). One possible explanation for these results may be technique modifications adopted 
by participants with low loads (6), this may lead to the use of different muscles and/or 
biomechanics during the bench press.  
Despite the good correlation between the two methods, the 95% CIs for the slope values from 
the regressions and the t-tests from the mean comparisons may indicate an over-prediction of 
the video analyses relative to the transducer. In addition, caution exercised in interpreting the 
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data as horizontal movements of the bar away from the vertical vector, especially during free-
weight exercises, can modify the results and may disrupt the accuracy of velocity assessment. 
However, in the current study these issues were eliminated by using the Smith machine. 
Although it is beyond the scope of the current study, previous studies demonstrated that a 
change in horizontal displacement of a weight bar may result in overestimations of vertical 
velocity (3). However, with the auto-tracking module of the Kinovea software these deviations 
can be identified and can be minimized. Future studies are warranted to address the validity of 
each kinematic system during exercise performed in multiple planes (4).  
Another interesting finding of the present study is that high regression coefficients also 
indicate a high agreement between both devices (11). Together with the Bland–Altman 
analysis it can be confirmed the good consistency, as results from this analysis showed that 
systematic errors (mean difference between devices) for the kinematics outcomes assessed 
were nearly zero and the 95% limits of agreement were narrow. However it is important to 
note that the data obtained from the video analysis overestimated the velocity. Therefore, 
while the two methods are correlated with each other, the agreement between the measures 
can be considered as modest. The different velocities of data collection (linear transducer; 
1000 Hz compared to video analysis; 50 Hz) may explain these variations. 
There are some limitations when using the software for video analysis. First, there is a need to 
standardize the movement as data are directionally dependent and, as stated earlier, it is 
usually recommended that the movement is performed on a Smith machine. The Smith 
machine which eliminate sagittal movement of the barbell during the test. This source of error 
can also be related to the experience of the lifters. Further study would be necessary to 
determine the influence of these issues on the kinematic variables measured. Second, it should 
be noted that possible differences in the technical characteristics of both devices (e.g. 
sampling rate) may lead to different results.  
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Despite these limitations, the semi-automatic tracking function incorporated in the freely 
available Kinovea software, demonstrates a high degree of concurrent validity as a field testing 
instrument. The use of this instrument is appropriate to evaluate changes in velocity for the 
bench press exercise and therefore it may also be used to assess and monitor changes in 
strength performance. 
PRACTICAL APPLICATIONS 
The findings of this study have important practical applications for the prescription and 
monitoring of training load in resistance training. The use of velocity measuring devices during 
training is often limited to laboratory-type assessment; however, this software will offer a 
portable, cost-effective technique for the assessment of training. The use of velocity as a 
measure allows selecting the appropriate weight for athletes, this tool will let the coach give 
online support services and evaluate an athlete’s strength without the need to perform a 1RM 
test. Several authors highlighted that with accelerometers it was possible to modify the 
exercise prescriptions in real time and thus evaluate training progression (12,14) and in our 
opinion, these benefits can also be attributable to this software. Therefore, based on the ease 
of use, the cost effectiveness and the possibilities of remote support, our results underline the 
practical importance of considering video analysis (with the Kinovea software auto-tracking 
tool) for monitoring the training load in resistance exercises.  
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FIGURE LEGENDS 
Figure 1. Regression plots for MPV 
Figure 2. Regression plots for Vmax 
Figure 3. Bland–Altman Plots with limits of agreement of MPV 
Figure 4. Bland–Altman Plots with limits of agreement of Vmax 
AC
CE
PT
ED
Copyright   Lippincott Williams & Wilkins. All rights reserved.
Table 1. Descriptive analysis of the participants (n = 21) 
Outcome Mean SD Range 
Age (years) 21 1 20-22 
Heigh (cm) 176.18 4.03 168-182 
Weigh (kg) 72.31 7.02 61.3-84.2 
BMI (kg/m2) 23.33 2.50 20.1-28.9 
PMP (Watts) 255.06 74.93 158.9-397.3 
BMI: Body Mass Index; PMP: Maximal Propulsive Power 
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Table 2. Comparative analysis of kinematics data obtained with the linear transducer and the 
software at different loads 
  T-Force Kinovea    
Load Outcome Mean SD Mean SD 
Mean difference  
(95% CIs) t P 
MPV (m s-1) 1.05 0.13 1.48 0.18 -0.43 (-0.49 to -0.37) -15.067 <.001 
20 Kg 
VMAX (m s-1) 1.64 0.20 2.22 0.32 -0.57 (-0.70 to -0.44) -9.164 <.001 
MPV (m s-1) 0.89 0.14 1.30 0.16 -0.41 (-0.43 to -0.38) -30.357 <.001 
30 Kg 
VMAX (m s-1) 1.33 0.18 1.92 0.27 -0.59 (-0.68 to -0.49) -12.437 <.001 
MPV (m s-1) 0.71 0.15 1.02 0.19 -0.30 (-0.33 to -0.28) -27.324 <.001 
40 Kg 
VMAX (m s-1) 1.11 0.19 1.53 0.29 -0.42 (-0.48 to -0.36) -14.824 <.001 
MPV (m s-1) 0.53 0.15 0.76 0.21 -0.23 (-0.26 to -0.21) -18.135 <.001 
50 Kg 
VMAX (m s-1) 0.88 0.19 1.24 0.26 -0.36 (-0.40 to -0.32) -18.506 <.001 
MPV (m s-1) 0.38 0.12 0.54 0.17 -0.16 (-0.18 to -0.13) -14.574 <.001 
60 Kg 
VMAX (m s-1) 0.71 0.15 0.99 0.22 -0.28 (-0.32 to -0.23) -12.849 <.001 
MPV (m s-1) 0.32 0.13 0.47 0.18 -0.14 (-0.21 to -0.08) -5.310 .002 
70 Kg 
VMAX (m s-1) 0.65 0.17 0.93 0.32 -0.28 (-0.45 to -0.10) -3.939 .008 
MPV (m s-1) 0.31 0.11 0.47 0.19 -0.16 (-0.34 to 0.02) -3.769 .064 
80 Kg 
VMAX (m s-1) 0.61 0.19 0.84 0.24 -0.23 (-0.36 to -0.10) -7.876 .016 
MPV: mean propulsive velocity; VMAX: maximal velocity of the concentric phase; r: Pearson product-
moment correlation coefficients 
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Table 3. Linear relationship between the MVP and Vmax values as measured by video analysis 
and the linear transducer. 
Load Outcome n Bias (95%CI) slope (95%CI) y-intercept (95%CI) 
Goodness of 
Fit (r2) 
P value 
(slope) 
MPV (m s-1) 21 -0.43 (-0.68 to -0.17) 0.51 (0.24 to 0.77) 0.29 (-0.10 to 0.69) 0.45 0.0008 
20 Kg 
VMAX (m s-1) 21 -0.57 (-1.14 to -0.01) 0.41 (0.17 to 0.65) 0.70 (0.18 to 1.23) 0.41 0.0017 
MPV (m s-1) 21 -0.41 (-0.53 to -0.28) 0.80 (0.64 to 0.97) -0.16 (-0.37 to 0.05) 0.84 <0.0001 
30 Kg 
VMAX (m s-1) 21 -0.59 (-1.01 to -0.16) 0.40 (0.14 to 0.66) 0.55 (0.04 to 1.06) 0.35 0.0045 
MPV (m s-1) 21 -0.30 (-0.41 to -0.20) 0.79 (0.70 to 0.87) -0.09 (-0.18 to -0.008) 0.95 <0.0001 
40 Kg 
VMAX (m s-1) 21 -0.42 (-0.67 to -0.16) 0.61 (0.50 to 0.71) 0.17 (0.008 to 0.34) 0.88 <0.0001 
MPV (m s-1) 20 -0.23 (-0.35 to -0.12) 0.73 (0.68 to 0.78) -0.03 (-0.07 to 0.005) 0.98 <0.0001 
50 Kg 
VMAX (m s-1) 20 -0.36 (-0.53 to -0.19) 0.70 (0.62 to 0.79) 0.002 (-0.10 to 0.11) 0.94 <0.0001 
MPV (m s-1) 19 -0.16 (-0.25 to -0.06) 0.73 (0.68 to 0.77) -0.01 (-0.04 to 0.01) 0.98 <0.0001 
60 Kg 
VMAX (m s-1) 19 -0.28 (-0.46 to -0.09) 0.63 (0.53 to 0.74) 0.07 (-0.02 to 0.18) 0.91 <0.0001 
MPV (m s-1) 8 -0.14 (-0.29 to -0.003) 0.73 (0.65 to 0.81) -0.02 (-0.08 to 0.04) 0.98 <0.0001 
70 Kg 
VMAX (m s-1) 8 -0.28 (-0.64 to 0.08) 0.61 (0.43 to 0.80) 0.09 (-0.11 to 0.31) 0.89 <0.0001 
MPV (m s-1) 4 -0.16 (-0.31 to -0.01) 0.60 (0.46 to 0.73) 0.02 (-0.04 to 0.09) 0.99 0.0046 
80 Kg 
VMAX (m s-1) 4 -0.23 (-0.33 to -0.13) 0.81 (-0.53 to 2.15) -0.07 (-1.23 to 1.09) 0.98 0.0821 
MPV: mean propulsive velocity; VMAX: maximal velocity of the concentric phase;  
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